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1.0  INTRODUCTION 

1 . 1  BACKGROUND 

A  crosshole  seismic  velocity  survey  was  performed  by  Fugro 
National,  Inc.,  near  ground  zero  for  Event  Number  2  at  the 
Miser's  Bluff  Test  Site,  Arizona.  The  scope  of  work  was  docu¬ 
mented  in  Fugro's  letter  F-USAF-78-4646  to  Mr.  Hal  Waldum,  MNND 
dated  28  July  1978.  The  purpose  of  the  survey  was  to  determine 
shear  (S-wave)  and  compressional  (P-wave)  wave  velocities  of  the 
earth  materials  at  five  foot  (1.52  m)  depth  intervals  from  the 
surface  to  thirty  feet  (9.14  m)  into  the  bedrock.  The  work  was 
performed  for  the  Department  of  the  Air  Force  Space  and  Missile 
Systems  Organization  under  Contract  No.  F-04704-77-C-0010 .  The 
field  work  described  herein  and  this  report  are  the  final  pro¬ 
ducts  of  the  survey. 

Figure  1  shows  the  layout  of  the  three  boreholes  drilled  for  the 
survey.  Drilling  was  begun  on  25  July  1978.  Seismic  data  were 
obtained  during  the  period  of  11  August  through  14  August  1978. 

As  requested  by  SAMSO,  no  samples  were  taken  and  no  detailed 
drilling  log  was  maintained.  Table  1  shows  depths  to  major 
interfaces. 

1.2  SUBSURFACE  CONDITIONS 

The  upper  145  feet  (44  m)  of  material  near  GZ-2  are  primarily 
sands  and  silts.  A  layer  of  large  boulders  made  drilling  diffi¬ 
cult,  irregular  and  slow  from  approximately  145  feet  (44  m)  depth 
to  approximately  170  feet  (52  m).  The  reddish-brown  sedimentary 
bedrock  was  encountered  between  170  to  175  feet  (52  to  53  m)  in 
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the  three  holes.  In  the  source  hole,  the  driller  reported 
extremely  soft  material  from  169  feet  (41.5  m)  to  172  feet 
(52.5  m) .  This  was  not  encountered  in  the  receiving  holes. 
Drilling  in  the  bedrock  material  was  slow  (approximately  five 
feet  or  1.5  m,  per  hour)  but  steady.  Waterways  Experiment 
Station  personnel  have  informally  reported  that  water  level 
measurements  in  the  vicinity  show  that  the  water  table  is 
approximately  12  feet  (3.7  m)  deep. 
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1.  The  shear  and  compressional  wave  velocities  interpreted 
from  the  crosshole  data  are  plotted  on  Figure  2.  The  S  and 
P  wave  arrivals  on  the  seismograms  were  generally  clear  and 
readily  identifiable.  Therefore,  the  velocity  values  shown 
on  Figure  2  are  considered  to  be  reliable.  The  velocity 
data  correlate  well  with  the  changes  in  drilling  conditions. 
The  source- to- receiver  apparent  velocities  at  170  feet  were 
anomalously  low,  probably  due  to  the  soft  materials  noted  in 
the  source  hole.  The  apparent  velocity  between  receivers 
was  taken  to  be  representative  at  this  depth.  The  velocities 
(especially  the  shear  wave)  vary  considerably  in  the  boulder 
and  bedrock  zones.  Even  though  the  bedrock  material  is  hard, 
dense,  and  has  a  high  compressional  wave  velocity,  its 
relatively  low  shear  wave  velocity  may  indicate  weak  cementa¬ 
tion. 

2.  The  compressional  wave  data  are  inconsistent  with  the  report 
of  the  water  table  being  at  a  depth  of  twelve  feet  (3.7  m). 

The  velocity  of  compressional  waves  in  water,  and  conse¬ 
quently  in  water  saturated  soils,  is  on  the  order  of  5000  feet 
per  second  (1524  mps).  This  velocity  is  not  approached  above 
35  feet  (10.7  m) .  Based  on  the  crosshole  data,  the  water 
table  (or  zone  of  saturation)  appears  to  be  between  35  and 

40  feet  (10.7  and  12.2  m)  deep. 

3.  For  the  purpose  of  calculating  Poisson's  ratio,  shear  moduli. 
Young's  moduli  and  bulk  moduli,  the  subsurface  profile  was 


divided  into  13  velocity  layers  based  on  apparently  signifi¬ 
cant  changes  in  one  or  both  velocities  (P  or  S-wave). 
Approximate  average  velocities  within  each  of  these  layers 
were  estimated  from  Figure  2.  These  velocities,  together  with 
estimated  unit  weights  were  used  to  calculate  the  moduli  in 
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3.0 

PROCEDURES 

3.1 

FIELD 

3.1.1 

General  Technique 

Data  were  recorded  in  two  borings  and  generated  in  a  third. 

The  three  borings  (one  source,  two  receiving)  were  arranged  in  a 
line  (Figure  1)  with  approximately  20  feet  (6.1  m)  between  them. 
The  boring  locations  were  staked  by  DNA  field  command  personnel. 

A  mechanical  energy  source  was  used  to  obtain  the  seismic  wave 
travel  time  data.  This  technique  generates  relatively  large 
vertically  oriented  shear  waves  (S  )  and  much  lower  levels  of 
P-wave  energy.  The  energy  was  generated  by  striking  the  top  of 
the  drill  rod  in  the  source  boring  while  the  drill  bit  remained 
in  contact  with  the  formation. 

Initially,  geophones  were  placed  five  feet  (1.5  m)  deep  into 
borings  R1  and  R2.  Boring  SI  was  drilled  to  a  depth  of  five  feet 
and  the  Kelly  bar  was  disconnected  from  the  drill  rod.  A  metal 
fixture  was  placed  on  top  of  the  drill  rod  to  protect  the  threads 
from  damage.  A  small  geophone  was  lowered  through  the  drill  rod 
so  that  it  rested  on  top  of  the  bit.  This  geophone  was  used  to 
record  the  time  at  which  the  shock  wave  traveling  down  the  drill 
rod  entered  the  formation.  The  instant  of  impact  between  the 
hammer  and  the  drill  rod  was  also  recorded. 

After  recordings  were  made  at  the  five  foot  (1.5  m)  depth,  the 
receiver  gecphones  were  lowered  to  ten  feet,  the  source  boring 
(SI)  was  drilled  another  five  feet  and  the  recording  procedure 
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was  repeated.  These  steps  were  repeated  to  a  depth  of  205  feet 
(62.5  m). 


Recordings  were  made  at  two  amplifier  gain  settings  so  that 
satisfactory  amplitudes  could  be  obtained  for  both  the  P  and  S 
waves  from  a  single  impact. 

3.1.2  Preparation  of  Borings 

Borings  R1  and  R2  were  completed  prior  to  the  start  of  the  survey. 
They  were  cased  with  schedule  80,  three-inch  (8  cm)  inside  diam¬ 
eter  plastic  (PVC)  pipe.  Solid  mechanical  contact  between  the 
earth  materials  and  the  entire  length  of  each  casing  was  obtained 
by  filling  the  annulus  between  the  casing  and  borehole  wall  with 
cement  grout.  PVC  casing  was  placed  in  the  source  boring  after 
completion  of  the  survey  to  ensure  it  would  remain  open  for  the 
verticality  measurements. 

3.1.3  Vertical  and  Horizontal  Spatial  Control 

The  distances  between  the  borings  at  the  ground  surface  were 
measured  by  the  seismic  crew  with  a  tape.  The  ground  elevations 
were  essentially  the  same  at  all  three  borings.  All  measured 
depths  were  referenced  to  ground  level.  The  coordinates  and 
elevations  of  the  borings  were  surveyed  by  DNA. 

The  holes  were  measured  for  amount  and  direction  of  deviation 
from  vertical  by  Mollen-Hauer  Surveying  Company,  Arizona.  The 
source  hole  had  drifted  approximately  5.4  feet  (1.6  m)  to  the 
north-northwest  at  200  feet  depth.  The  other  two  holes  had 
drifted  less  than  1.5  feet  (0.5  m)  at  200  feet.  The  measurements 
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were  made  with  a  pendulum  and  Magnetic  compass  equipped  with  a 
multishot  camera.  Deviation  measurements  were  taken  at  20-foot 
(6.1  m)  intervals.  Intermediate  points  were  obtained  by  inter¬ 
polation.  The  horizontal  distances  between  equivalent  depths  in 
the  source  and  receiver  holes  were  calculated  by  computer. 


3.1.4  Instrumentation 

Receivers:  Downhole  sensor  packages  (Mark  Products  Model 

L— 10-3D-SWC)  containing  three  geophones  with  a  natural  frequency 
of  4.5  Hz  were  placed  in  borings  Rl  and  R2.  The  geophones  within 
the  packages  were  arranged  so  that  one  was  vertical  and  two  were 
horizontal  and  mutually  perpendicular.  The  triaxial  arrangement 
was  used  so  that  at  least  one  geophone  would  provide  favorable 
orientation  to  detect  the  incoming  waves  regardless  of  travel 
path  or  wave  type.  The  geophone  packages  were  mechanically 
coupled  to  the  casing  or  wave  conversion  between  the  wall  mate¬ 
rial  and  the  water  in  the  borings. 


Recording  System:  The  recording  system  was  an  SIE  model  RS-44 
refraction  recording  system  modified  to  provide  timing  lines 
at  five  millisecond  intervals  and  paper  speed  of  approximately 
42  inches  per  second  (100  cm/sec).  The  timing  resolution  pro¬ 
vided  by  this  combination  permitted  record  times  to  be  read 
within  plus  or  minus  0.25  milliseconds.  Timing  line  error  was 
less  than  one  percent.  The  RS-44  amplifiers  are  capable  of  pro¬ 
viding  up  to  120  db  of  gain. 
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3.2  OFFICE 

3.2.1  Data  Reduction 

The  basic  travel  time  data  for  both  waves  were  read  from  the 
records.  Time  was  measured  between  the  trace  deflection  repre¬ 
senting  the  energy  at  the  bottom  of  the  drill  rod  and  the  points 
of  wave  arrivals  at  the  geophones  in  the  sensor  holes.  The 
times  were  plotted  on  time  versus  distance  graphs  and  tabulated 
on  a  data  sheet  with  the  appropriate  source  to  geophone  distance. 


Four  apparent  velocities  were  calculated  for  each  data  set  as 
follows : 

1)  The  distance  between  SI  and  Rl  was  divided  by  the  travel 
time  to  Rl. 

2)  The  distance  between  Si  and  R2  was  divided  by  the  travel 
time  to  R2. 

3)  The  difference  obtained  by  subtracting  distance  Sl-Rl 
from  distance  S1-R2  was  divided  by  the  difference  in 
travel  times  to  Rl  and  R2. 

4)  A  "best  fit"  line  was  calculated  by  least  squares  using 
the  origin  and  the  two  travel  times. 


3.2.2  Analysis 

The  four  apparent  velocities  were  compared  for  consistency  and 
for  the  progressive  increase  in  apparent  velocities  1 ,  2,  and  3 
which  is  indicative  of  refractd  data.  Similarly,  the  plotted 
data  were  analyzed  graphically  to  judge  whether  refraction  had 
affected  the  travel  times.  The  true  velocities,  as  determined  by 
the  analysis,  were  plotted  versus  depth  in  Figure  2. 
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3.2.3 


Moduli  Calculations 


The  seismic  wave  velocities  and  estimated  values  for  density  of 
the  materials  are  used  to  calculate  Poisson's  ratio  and  elastic 
moduli.  The  density  estimates  are  based  on  the  values  used  in 
Fugro's  report  FN-TR-21D,  "Geotechnical  Investigation  Miser's 
Bluff  Test  Program  Planet  Ranch  Test  Valley,  Arizona".  The 
equations  are: 

Poisson's  ratio, u  ,  (dimensionless  number) 

2  2 
V  -  2V* 

V  -_E _ f_ 

2  (Vp2  -  V,2) 

2 

Shear  modulus,  G,  (in  kN/m  ) 

G  *  CDV  2 


Young's  modulus,  E,  (in  kN/m  ) 
E  =  2G  (1  +  u) 


Bulk  modulus,  K,  (in  kN/m  ) 

K  =  CD  (V  2  -  4/3  V  2) 

P  s 


where: 

Vp  ■  compressional  wave  velocity  (meters  per  second) 

V  =  shear  wave  velocity  (meters  per  second) 

C  ®  1.0  x  10  (constant  for  units  conversion) 

D  =  density  (kilograms  per  cubic  meter) 

2 

kN/m  =  kiloNewtons  per  square  meter 
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